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Health Benefit- Risk Analysis of Locally
Cultivated Mango Fruits and Branded
Mango Beverages in Adamawa State,

Nigeria

ABSTRACT

In this study, the vitamin, nutrient, antinutrient and heavy metal
concentrations in Powdered mango fruit juices (sachet brands) (PMFJ),
Liquid mango fruit juices (LMFJ), and Fresh or raw mango fruits juices
(FMFJ) were assessed toward establishing a tradeoff between their health
benefits and potential health risk on consumption. The analysis show the
concentration of vitamin C constituting 50-70% and Vitamin A 30-40% by
composition relative to other vitamins. The highest concentration of vitamin A
and C were observed in the PMFJ, and the LMFJ samples. Relative to the
bioavailability of vitamin E, K, B1, B2, B6 and B12, FMFJ contains the
highest concentrations compared to PMFJ and LMFJ. The results further
show the highest concentration of 0.79 mg/100 g and 6.85 mg/100 g of
oxalate and phytate in the FMFJ. The analysis of the mineral contents show
Ca accounting for over 50%, with FMFJ containing the highest concentration
(57%). The concentration of Mg, Mn, Fe, and Zinc all falls within the
acceptable range to constitute any potential risk on consumption. Based on
the EDI values, the dietary exposure to lead (Pb) was observed to be above
the oral reference dose (RfD) values set for Pb in edibles. Further appraisal
for non-carcinogenic and carcinogenic risk from Pb exposure gives a THQ
values of less than one (<1) and a CRI <10™®. Overall, the results show
children to be more at risk for Pb exposure than the adults. From the results,
it could suffice to say that unhealthy agricultural practices and possible
anthropogenic activities could be the probable reasons for the low level of
vitamin A and C in the FMFJ samples. Furthermore, could probably be the
contributing factors leading to the increasing use of additives and fortified
functional foods to meets population demands and nutritional requirements
as observed in the PMFJ and LMFJ samples respectively.
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1. INTRODUCTION

Due to the unhealthy practices in the global food enterprises, the assessment of food is
considered necessary toward establishing a possible balance between its risks on
consumption and the related beneficial health effects to human population [1, 2]. It is evident
from the foregoing that, the choice of foods for healthy living encompasses the issue of
availability and economic considerations. It has become apparent that low level of
agricultural output has impacted heavily on food quality and nutritional requirement for
human consumption. The non-availability of fresh foods, especially fruits leads to the inflow
of processed/or synthetic fruits products and additives to meets population demands. Dietary
supplements, formulated foods and fortified functional foods are increasingly taken over the
market for fresh foods. Though these functional foods might have some of the nutritional
requirements for human consumption, the aspect that distinguishes nutrient and other non-
nutrient constituents and their relationship to each other are seldom included in the dietary
chemistry, considering the fact that nutrient, antinutrients and presence of other trace metals
and minerals influences each other availability and physiochemistry [3, 4].

Due to the complex nature of food, the absorption and metabolism of any single nutrients or
minerals through some chemistry influences the absorption or metabolic pathways of
another. A typical example is in the metabolism of iron. Study shows that vitamin C
enhances the absorption of Iron and on the other hand, phytate can readily bind to iron and
impaired its availability [1, 2, 5]. Mango (Mangifera indica L.) fruit by far has been
traditionally utilized as an important source of calories [6], supplier of excellent
phytochemicals [7], a good antioxidant [8], and dietary fiber [8]. With this myriad of potential,
several researches were conducted to evaluate the proximate composition [9,10], and
presence of toxic substances [11] in Mango species in Nigeria.

As mentioned earlier, balancing risk and benefits in food security and health remains a major
hurdle to cross as the demand for healthy foods has been overtaken by economically
motivated factors. Therefore, these study tried to establish a tradeoff between the nutrient
profiles of raw/fresh mango and formulated/processed mango beverages in the market and
relate its associated chemistry toward other mineral or elements on consumption. The effort
is to mirror down the risk associated with nutrient availability, presence of antinutrient and
other elements in the mango foods and quantify a balance to its health benefits on
consumption by humans.

2. MATERIAL AND METHODS

The sample for the research work was obtained from Hong and Mubi metropolis, Adamawa
State, Nigeria. Fruit juices bearing different brand names was purchased from various shops
in Mubi. While the fresh mango fruits were obtained from farms in Hong and Mubi. They
were grouped into three: Group 1: Powdered mango fruit juices (sachet brands) (PMFJ),
Group 2: Liquid mango fruit juices (LMFJ) and Group 3: Fresh/raw mango fruits juices
(FMFJ). The mango juice samples were extracted using acid digestion method according to
American Public Health Association [12]. The digested samples were then analyzed for
vitamin, antinutrient, and minerals. The vitamins were determined using UV/Visible
spectrophotometer. The oxalate content of the foods were determined by colorimetric
methods, while phytate and Cyanide content were determined based on the methods
described in AOAC [13]. Atomic Absorption Spectrophotometer (AAS) (VGP 210, Buck
Scientific) was used for the elemental analysis. The heavy (Trace) metals: Cadmium (Cd),
Chromium (Cr), and Lead (Pd) were analyzed along with the following essential elements,
Zinc (Zn), Sodium (Na), Potassium (K), Calcium (Ca) and Magnesium (Mg) and Manganese



(Mn). The data obtained was expressed as Mean + S.D and the level of significance was set
at p<0.005.

Elements with values above the permissible limits (PL) were further subjected for health risk
assessment. For these reasons, the estimated daily intake were determined for Pb only in
the respective samples using the USEPA recommended procedure described in equation 1
[14].

EDI= (C xFr)[BW 1)

Where EDI is the Average Daily Intake (mg/kg body weight/day); C is the concentration of
the elements in the mango samples; Fr is the average daily consumption of mango [15].
The BW is the body weight (kg); set at 60 for an average adult and 15 for children [16]. The
target hazard quotient (THQ) as described in equation 2 was used to determine the human
health risk posed by the long-time exposure to the metal in the samples

THQ= (C x FIR x EF x ED)/ (BW x AT x RfD) x 10° )

Where, EF is the exposure frequency (365 days/year); ED is the exposure duration (70
years); BW is the body weight in kg; and AT is the average time for non-carcinogens (365
days/year x ED). The oral reference doses (RfDs) of 0.00035 mg/kg/day were adopted for
Pb [17, 18]. The description hypothesis a THQ less than 1 to signify no associated risk,
meaning the exposed population is unlikely to experience any adverse health hazard.
However, if the THQ is equal to or greater than 1, then there is a potential health risk [17,
18]. The potential of Pb to induce carcinogenic and non-carcinogenic risk were assessed
based on the procedure described by USEPA [14]. Cancer slope factors of 0.0085 for Pb in
mg/kg/d were used in the expression in equation 3 [14,16].

CRI = EDI,, X CSF ®3)

Where CRI, EDI,, and CSF represent the carcinogenic risk index, estimated daily intake of
the heavy metals and the cancer slope factor respectively. Carcinogenic risk index between
10° (1 in 1,000,000) and 10 (I in 10,000) indicates the tolerable lifetime risks for cancer
causing agents [17].

3. RESULTS AND DISCUSSION

The results in Fig 1 shows the nutrient composition in the PMFJ, LMFJ and FMFJ samples
respectively. From the results, vitamin C (mg/100g) was observed to constitute about 68 %,
60 % and 51 % followed by vitamin A (1U/100g) with 30 %, 39 % and 31 % in the PMFJ,
LMFJ and FMFJ samples respectively. Relative to other vitamins ( B1, B2, B6, E, and K), the
FMFJ sample was observed to constitute up to 18 % compared to 2 % recorded for the
PMFJ, and LMFJ samples respectively. The highest concentration of 0.33 mg/100g, 0.49
mg/100g, 0.13 mg/100g, 0.50 mg/100g, 6.49 mg/100g and 0.12 mg/100g were observed for
B1, B2, B6, B12, E, and K respectively in the FMFJ. The high level of vitamin A and B in the
PMFJ, and LMFJ could be due to either fortification [19] or from the combination of mango
varieties in the processing. Though, several research work reported high content of vitamin
A and C in the raw/fresh mango juice [9, 20], this study however gives a contrary results,
showing low amount of the vitamin A and C in the FMFJ compared to the PMFJ and LMFJ. It
is therefore evident from the foregoing that anthropogenic activity and other agricultural
practices may have influences the mineral/nutrient chemistry in the soil and it translocation
or bioavailability in the fruits [21]. This changes in nutrient chemistry may have influence the



fortification of the PMFJ and LMFJ with vitamin A and C in other to meets population
demands and nutritional requirements.

Even though PMFJ and LMFJ contained higher level of vitamin A and C, it will suffice to say
that the complementary efficacy of the vitamin A and C will be more effective in the FMFJ
compared to the others, considering it containing reasonable proportion of vitamin B1, B2,
B6, E, K and high proposition of fiber. Vitamin A enhances eye vision, dermal health while
vitamin K support protein hemostasis in the blood, bones, kidneys, and facilitate clotting of
wounds. Vitamin B1 and B2 support energy production and enhances the body's ability to
utilize other B vitamins. In addition to the synthesis of hemoglobin, vitamin B6 also facilitate
energy storage by utilizing available protein and glycogen in the body while the B12 vitamin
support folate in DNA synthesis [22-24]. Intestinal absorption of vitamin A is enhanced in the
presence of Vitamin E, increasing their antioxidants and immune response potential toward
xenobiotics and other proinflammatory agents. Vitamins C and E work synergistically to
boost their antioxidant defense potential, with vitamin C regenerates vitamin E [22, 23].
These synergy based on the composition of the vitamins in the samples could be best
promoted and made available on the consumption of the FMFJ compared to PMFJ and
LMFJ thereby maintaining prooxidant-antioxidant balance [22, 25]. Vitamin E in particular
shield lipids against peroxidation by reacting with lipid peroxyl radicals to form a relatively
stable lipid hydroperoxide thereby interrupting the radical chain reaction [25, 27]. In similar
fashion, vitamin C scavenge peroxyl radicals, inhibiting the onset of lipid peroxidation and
was further observe to support the vitamin E in regenerating the radical scavenging potential
of tocopherol by reducing the activity of tocopheroxyl radical [25, 28-29].

The results further show the presence of oxalates and phytates in all the samples. Cyanides
was not detected in the samples. The highest concentrations of oxalates (4.79 mg/100g) and
phytates (6.85 mg/100g) were observed in the FMFJ samples. The low level of these
antinutrient in the PMFJ, and the LMFJ could be connected to processing. Studies shows
that preparation and processing can affect the nutritional value by destroying labile nutrients
and antinutrient [30, 31]. Even though the concentration in this study was observed to be
higher than the 1.49 +0.01 mg/100g (oxalates) and 1.44 +0.01 mg/100g (phytates) reported
by Fowomola, [9] in some Nigeria mango fruits, the values were significantly lower compared
to other plant Food of South Eastern Nigeria [32]. In the study as reported by Ndie and
Okaka [32] the levels of phytate ranges from 23.5-130.65 mg/kg, while oxalate falls between
4.7-95.6 mg/kg. Exposure to dietary soluble oxalates reduces the bioavailability of calcium,
and predispose individual to kidney stones [33]. Oxalic acid binds readily with nutrients,
ca”, Fe**, and Mg®* and forms water soluble salts with Na*, K*, and NH4" ions in the body,
thus reducing their bioavailability. Dietary intake of oxalates ordinary falls from 44-351
mg/day and a mean intake of 152 mg/day [34]. From this values, only about 1 to 22% of the
ingested oxalate is absorbed in humans [35], with most of oxalate-chelating minerals
excreted in urine and feces [36]. Similar to oxalate, the negatively charged ion on Phytate
conferred on it's the ability to impaired the bioavailability of divalent, and trivalent mineral
ions such as zn*, Fe*”", ca®, Mg®*,Mn®*, and Cu®" [35; 37-38]. Though phytate and
oxalate were detected in all the samples in this study, the concentration are observed to be
relatively below the level of concerns [34, 39]. More so the risk from antinutrient as
discussed above depends largely on their level of excretion and the frequency of
consumption [32, 35].

Despite the fact that oxalate and phytate are considered antinutritional, there were however
reported to support other important and essential chemistry [40]. Their metal chelating
potential helps reduces the induction of oxidative stress from reactive species on the
epithelial cells thereby impairing the onset of mutagenesis [41, 42]. Dietary phytate was
observed to significantly reduce the serum concentration of lead [43], and reported to inhibit



its absorption, reduces its accumulation in the bones, blood and the liver [44, 45]. Similarly,
formation of Cd—phytate complexes were reported to explicably reduces the absorption of
Cd [46]. Studies shows that phytates participated in reducing the level of serum cholesterol,
triglycerides and carbohydrate overload [47, 48]. While oxalates promote the onset of kidney
stones, phytates on the other were reported to halts its formation by inhibiting calcium salt
crystallisation [49.50]. In another study, phytate was observed to exert a neuro-protective
effect in a cultured cell model of Parkinson's disease [51]. Similarly, increased level of
vitamin C has been shown to counteract the phytate inhibitory potential [52]. The preference
of PMFJ, and LMFJ over FMFJ due to the presence of the antinutrient will invariable deny
the consumer from other important benefits of the antinutrients discussed above, considering
the amount detected to be of no significance.
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Figure 1. Concentration of vitamins (A (1U/100g), B1, B2, B6, B12, E, and K (mg/100g))
and antinutrients (mg/100g) in the PMFJ, LMFJ, and FMFJ. Results are presented as
Mean + SD of triplicate analysis

With the exception of Cd and Pb, the rest of the elements (Na, Mg, K, Ca, Mn, Fe, and Zn)
are considered physiologically essential in maintaining healthy body systems. Their
concentrations in the samples especially Mn, Fe Mg and Zn were observed to all fall below
the permissible limits (PL) allowed in edibles [53]. The analysis of the mineral contents
shows Ca accounting for over 50% in all the samples with the LMFJ containing the highest
amount (57%). The next mineral with the highest concentration is Mg followed by K. the
percentage concentration follow the decreasing other 16% (LMFJ) < 20% (PMFJ) < 24%
(FMFJ), while 14%, 16% and 8% were recorded for K in PMFJ, LMFJ and FMFJ
respectively. The concentration of Fe, Mn and Zn all falls <1%. Chromium was not detected
in all the samples and Cd was found only in the PMFJ and LMFJ Samples. High
concentrations of these essential minerals were also reported by Saeed et al [54] in
Pakinstani mangoes. The results presented by Dangana et al [11] for different mango
varieties collected in Niger state, Nigeria show concentration in the rage of 0.10 - 1.30, 0.59 -



1.84, 0.03 - 0.16 and 0.50 - 0.80 mg/L for Mn, Fe, Cu, and Pb. The highest mean values for
the respective metals were detected in Binta Sugar mango, Kerosene mango, Kerosene
mango and Kerosene mango fruits respectively. With the exception of Pb which was
detected to be above the PL, the level of Mn, Fe, and Cu in the respective samples were
found to be below the PL. [11]. It was also found that Ca (~14.79 mg/kg), Mg (~10.46
mg/kg), Na (~6.327 mg/kg), K (~166.33 mg/kg) and Zn (2.85 mg/kg) were predominant
among the major elements in some fruits from Turaba District (Saudi Arabia) [55].

Calcium support the normal transmission of nerve impulses and neuromuscular activities.
Activates the activity of adenosine triphosphatase (ATPase), succinic dehydrogenase, lipase
and the conversion of prothrombin to thrombin [23]. Sodium and Potassium helps in
maintaining the osmotic pressure of the body fluids by regulating membrane potentials and
establishing acid-base balance. And similar to Ca®" support the transmission of nerve
impulses and other neuromuscular functions [61]. Magnesium physiological participate in
activating phosphate-transferring enzymes, pyruvic acid carboxylase, and pyruvic acid
oxidase reactions [61]. Iron is a constituent of haemoglobin, participated in the biological
oxidation of cytochromes and an essential cofactor in the synthesis of neurotransmitters [62].
Manganese supports the biosynthesis of proteoglycans [61] and support pyruvate
metabolism [23]. Zinc influences the metabolism and bioavailability of Vitamins A and E [63].
As an integral constituent of insulin also serves as a cofactor in many enzymatic reactions
that support cell replication, gene expression, DNA and RNA polymerase [23, 61, 64]

All these minerals were observed to synergistically interact and complement each other. And
further observed to support the metabolic action of some vitamins [23]. Vitamins and
minerals work synergistically, and romantically in a way were a deficiency in one might
influence the optimal operational capability in another and vice versa. Non-heme iron
absorption increases in the presence of Vitamin A, increasing the bioavailability of pro-
vitamin A. Vitamin C also regulates the uptake and metabolism of iron. Zinc support the
physiological transport of Vitamin A and further boost the antioxidant potential of Vitamin B3.
Magnesium on the other hand support thiamin-dependent enzymatic reaction, facilitate the
conversion of thiamin (vitamin B1) to its biologically active forms and enhances the uptake of
vitamin B6. Potassium and Sodium enhances calcium reabsorption [24]
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Figure 2. Concentration of mineral elements and heavy metals in the PMFJ, LMFJ, and
FMFJ. Results are presented as Mean * SD of triplicate analysis

Unlike Cd, the concentration of Pb ions in the samples were observed to be higher than the
PL of 0.35 mg/kg set by the FAO/WHO [53]. Similar results were also reported in Mango
varieties collected in other part of Nigeria [11]. Substantial amount of Cd, and Pb were also
reported in Mango species from Pakistan [54], Libya [56], Tanzania [57], Kenya [58], Poland
[59], and Iran [60]. Lead is a classic example of carcinogens, even at minute concentrations
could be highly toxic [65], known to impaired cognitive development in children, facilitate the
development of high blood pressure and cardiovascular diseases [65]. For these reasons,
carcinogenic and non-carcinogenic risk assessment was conducted for Pb ion only and the
results presented in Table 1. From the results the exposure to Pb were observed to be
higher in the PMFJ and LMFJ showing an EDI of 1.3E-02 mg/kg/day and 1.4E-02 mg/kg/day
for the adults and 5.4E-02 mg/kg/day and 5.5E-02 mg/kg/day in children respectively. Less
probability of exposure were observed following the consumption of the FMFJ showing an
EDI values of 8.5E-03 mg/kg/day and 3.4E-02 mg/kg/day for the adults and children
respectively. From all the results, the EDI values were observed to be above the RfD of
3.5E-04 mg/kg/day set for Pb; indicating potential risk from Pb exposure following the
consumption of the samples. Risk Assessment conducted by Mausi et al [58] in mango fruits
from Keya, similarly shows the Daily Intake of Pb to be significant. However, further
appraisal for non-carcinogenic risk based on the THQ analysis for Pb was observed to be <1
for all the samples. Similarly, the assessment of carcinogenic risk from Pb exposure also
shows a CRI values <10™. These results draws the obvious conclusion that the respective
samples are safe for human consumption. Overall, the results show children could be more
susceptible to a higher level of exposure dose compared to the adults. The vulnerability of
children to non-carcinogenic and carcinogenic risks compared to the adults as shown in the
results in a more practical sense could be linked to their higher intake rates per unit body
weight [16, 66-67]. Furthermore, it will suffice to say that the replacement of fresh fruits for
processed brands will expose consumers to a higher level of health risk from heavy metals
and deficiency of some vitamins may suffice. Therefore, the consumption of fresh fruits,
especially fresh mango in addition to its high fiber contents will provide the much desired
nutrient-mineral balance against the potential risk from antinutrient and other trace heavy
metals.

Table 1. Estimated daily intake (EDI) rate, Target hazard quotient (THQ) and
Cancer riskindex (CRI) for Pb in the Samples

EDI (mg/kg/day) THQ CRI

Adult Children Adult Children Adult Children
PMFJ 1.3E-02 5.4E-02 3.8E-02 1.5E-01 1.1E-04 4.6E-04
LMFJ 1.4E-02 5.5E-02 3.9E-02 1.6E-01 1.2E-04 4.7E-04
FMFJ 8.5E-03 3.4E-02 2.4E-02 9.7E-02 7.2E-05 2.9E-04

5. CONCLUSION

It is widely assumed that natural fruits are richer in vitamins and minerals than processed
functional fruits product. The result from this study show a change in the trend showing low
content of the vitamins in the FMJF compared to the PMFJ and LMFJ, pointing out a
destress call to regulate some unhealthy agricultural practices. However, the analysis further



revealed that the full potential of the A and C vitamin will be fully realized in the presence of
other vitamins such as B1, B2, B6, E, and K which was observed to be more in the FMJF.
Similarly, higher concentration of the essential elements Na, Mg, K, Ca, Mn, Fe, and Zn
further reiterate the importance of consuming FMJF compared to the PMFJ and LMFJ
considering the complementary role played by such elements in boosting vitamin antioxidant
potential. Even though oxalate and phytate were observed to be high in the FMFJ, at this low
concentration and owing to their high metal-chelating potential, could participate in reducing
the absorption potential of heavy metals. High EDI values above the RfD set for Pb were
observed for PMFJ and LMFJ, however, the health risk assessment conducted for the same
samples gave a THQ of <1 and a CRI of 10™ suggesting that the population are unlikely to
experience any adverse health hazard from Pb exposure. Though the overall results show
low level for both carcinogenic and non-carcinogenic risk, the results further draws the
obvious conclusion that the consumption of branded mango products could expose
consumers to potential risks from heavy metals. Further points that the consumption of
fresh/raw mango fruits could boost the vitality and health of the body and therefore should be
encouraged.

COMPETING INTERESTS DISCLAIMER:

Authors have declared that no competing interests exist. The products used for this
research are commonly and predominantly use products in our area of research and
country. There is absolutely no conflict of interest between the authors and
producers of the products because we do not intend to use these products as an
avenue for any litigation but for the advancement of knowledge. Also, the research
was not funded by the producing company rather it was funded by personal efforts
of the authors.

REFERENCE

1. Hoekstra J, Verkaik-Kloosterman J, Rompelberg C, et al. Integrated risk-beneft analysis:
method development with folic acid as an example. Food and Chemical Toxicology.
2008; 46: 893-909.

2. Bischoff-Ferrari HA, Shao A, Dawson-Hughes B, Hathcock J, Giovannucci E, Willett WC.
Benefit-risk assessment of Vitamin D supplementation. Osteoporosis International
Journal. 2010; 21(7): 1121-1132.

3. Klaassen, Curtis D., and Mary O. Amdur, eds. Casarett and Doull's toxicology: the basic
science of poisons. Vol. 1236. New York: McGraw-Hill, 2013.

4. Wang B. Application of risk assessment in nutrition. Adv Food Technol Nutr Sci Open J.
2015; 1(5):14-15.

5. Ahn J, Abnet CC, Cross AJ, Sinha R. Dietary intake and nutritional status: Assessing
exposure to the environment. Unit 3, chapter 11: 189-198

6. Rodriguez PC, Duran ZV, Muriel FJ, Franco TD. Physico-chemical Quality Parameters
of Mango (Mangifera indica L.) Fruits Grown in a Mediterranean Subtropical Climate (SE
Spain). J. Agr. Sci. Tech. 2012; 14: 365-374

7. Haard NF, and Chism GW. 1996. Characteristics of Edible Plant Tissues. In:"Food
Chemistry (3rd Ed.)", (Ed.): Fennema O. R. Marcel Dekker, Inc., New York,USA,
1996:944-1011



10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.
23.

24,

25.

26.

27.
28.
29.
30.
31.

32.

Akinyele 10, and Keshinro OO. Tropical Fruits as Sources of Vitamin C. J.Food Chem.
1980; 5: 163-167

Fowomola MA. Some nutrients and antinutrients contents of mango (Magnifera indica)
seed African Journal of Food Science. 2010; 4(8):472 - 476

Agunbiade SO, and Olanlokun JO. Studies on the nutritive value of the seed kernels of
exotic and local mangoes (Mangifera indica).Biosci. Biotechnol. Res. Asia. 2006; 3(1A):
81-86

Dangana MC, Auta Y.l, Mailafiya SC, Moses BE, Oluwafemi OJ, Ebyna KC.
Determination of Heavy Metals in Four Mango Fruit Varieties Sold in Minna Modern
Market, Niger State, Nigeria. International Journal of Biological and Environmental
Engineering. 2018;1(1):24-29

American Public Health Association (APHA). Standard Methods for the Examination of
Water and WasteWater. 15th Edition. American Public Health Association Washington
D. C. 2007; 11-34.

AOAC. Official Method Analysis 12th edition, 1990, Washington D.C.

USEPA U. Exposure factors handbook. Office of Research and Development, 1997
Washington

https://www.healthline.com/nutrition/mango

Bwatanglang |. Diclorvos-Mediated Heavy Metal Uptake in Leafy Vegetables and
Potential Health Risk on Consumption. LPJ. Natural and Formal. 2019; 19(3): 15-24
USEPA. Regional Screening Levels (RSLs) — Generic Tables, 2016, Washington, DC:
u.s.

Bwatanglang 1B, and Magili ST. Health Risk Assessment of Insulin supporting Elements
in Commonly Consumed Anti-diabetic Medicinal Plants. London Journal of Research in
Science: Natural and Formal. 2019; 19(4):11-22

Gharibzahedi SMT, and Jafari SM. The importance of minerals in human nutrition:
Bioavailability, food fortification, processing effects and nanoencapsulation. Trends in
Food Science & Technology. 2017; 62: 119-132.

Othman OC and Mbogo GP. Physicochemical characteristics of storage-ripened mango.
Tanz. J. Sci. 2009; 35(1): 57-65.

Proshad R, Islam MS, Islam MN, Hossain MR, Kormoker T, Islam MS, Billah KMM.
Promiscuous application of toxic agrochemicals on pineapple: health hazard implications
in Bangladesh. Food Research. 2017; 2(2):139-145

Sies H. In Oxidative Stress. H. Sies, Ed.: 1-8. Academic Press, 1985, London

Soetan KO, Olaiya CO, Oyewole OE. The importance of mineral elements for humans,
domestic animals and plants: A review. African Journal of Food Science. 2010; 4(5):200-
222.

Vannucchi H. Interaction of vitamins and minerals Arch Latinoam Nutr. 1991; 41(1):9-18.
Sies H. (1986). Biochemistry of oxidative stress. Angewandte Chemie International
Edition in English. 1986; 25(12):1058-1071.

Sies H, Stahl W, Sundquist AR. Antioxidant Functions of Vitamins: Vitamins E and C,
Beta-Carotene, and Other Carotenoids a. Annals of the New York Academy of Sciences.
1992; 669(1):7-20.

Tappel, A. L. "Vitamin E as the biological lipid antioxidant." In Vitamins & Hormones.
Academic Press 1962; 20:493-510.

Golumbic C, and Mattill HA. J. Am. Ch &. SOC. 1941; 63: 1279-1280

Doba TG, Burton W, Ingold KU. Biochim. Biophys. Acta. 1985; 835: 298-302

Schlemmer U, Mller H, Jany KD. The degradation of phytic acid in legumes prepared by
different methods, Eur. J. Clin. Nutr. 1995; 49:207-210.

Sandberg AS, Andlid T. Phytogenic and microbial phytases in human nutrition, Int. J.
Food Sci. Technol. 2002; 37:823—-833.

Ndie EC, and Okaka JC. Risk assessment of antinutrient consumption of plant foods of
south eastern Nigeria. J Food Sci Nutr. 2018;1(2):9-12



https://www.healthline.com/nutrition/mango

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54,

Nooman SC, and Savage GP. Oxalate content of Food: Food Science, 2006 Lincon
University

Holmes RP, and Kennedy M. Estimation of the oxalate content of foods and daily
oxalate intake. Kidney Int. 2000; 57:1662-1667.

Noonan SC, and Savage GP. Oxalic acid and its effects on humans. Asia pacific Journal
of Clinical Nutrition. 1999; 8:64—74.

Cowley H, Yan Q, Koetzner L, Dolan L, Nordwald E, Cowley AB. In vitro and in vivo
safety evaluation of Nephure™ Regulatory Toxicology and Pharmacology. 2017;
86:241-242

Mueller I. Analysis of hydrolysable tannins. Anim Feed Sci Technol. 2001; 91:3-20.

Israr B, Frazier RA, Gordon MH. Effects of phytate and minerals on the bioavailability of
oxalate from food. Food chemistry. 2013; 141(3):1690-1693.

Oguchi Y, Weerakkody WAP, Tanaka A, Nakazawa S, Ando T. Varietal differences of
quality-related compounds in leaves and petioles of spinach grown at two locations.
Bulletin of the Horishima Prefectural Agriculture Research Center. 1996; 64: 1 — 9
Greiner R, and Egli J. Determination of the activity of acidic phytate-degrading enzymes
in cereal seeds, J. Agric. Food Chem. 2003; 51:847-850

Cholewa K, Parfiniewicz B, Bednarek |, Swiatkowska L, Jezienicka E, Kierot J, Weglarz
L. The influence of phytic acid on TNF-alpha and its receptors genes' expression in
colon cancer Caco-2 cells. Acta Pol Pharm. 2008; 65:75-9.

Graf E, and Eaton JW. Suppression of colonic cancer by dietary phytic acid. Nutr
Cancer. 1993; 19:11-9.

Truelove JF, Gilbert SG, Rice DC. Effect of diet on blood lead concentration in the
cynomolgus monkey, Fundam. Appl. Toxicol. 1985; 5:588-596.

James HM, Hilburn ME, Blair JA. Effects of meals and meal times on uptake of lead from
the gastrointestinal tract in humans, Hum. Toxicol. 1985; 4:401-407.

Rose HE, Quarterman J. Effects of dietary phytic acid on lead and cadmium uptake and
depletion in rats, Environ. Res. 1984; 35:482—489

Lind Y, Engman J, Jorhem L, Glynn AW. Accumulation of cadmium from wheat bran,
sugar-beet fibre, carrots and cadmium chloride in the liver and kidneys of mice, Br. J.
Nutr. 1998; 80:205-211

Jariwalla RJ. Inositol hexaphosphate (IP6) as an anti-neoplastic and lipid-lowering
agent. Anticancer Res. 1999; 19:3699-702.

Yoon JH, Thompson LU, Jenkins DJ. The effect of phytic acid on in vitro rate of starch
digestibility and blood glucose response. Am J Clin Nutr. 1983; 38:835-42.

Grases F, Isern B, Sanchis P, Perello J, Torres JJ, Costa-Bauza A. Phytate acts as an
inhibitor in the formation of renal calculi. Front Biosci. 2007; 12:2580-7.

Grases F, Sanchis P, Costa-Bauza A, Bonnin O, Isern B, Perello J, Prieto RM. Phytate
inhibits bovine pericardium calcification in vitro. Cardiovasc Pathol. 2008; 17:139-45.

Xu Q, Kanthasamy AG, Reddy MB. Neuroprotective effect of the natural iron chelator,
phytic acid in a cell culture model of Parkinson's disease. Toxicology. 2008; 245:101-8.
Prynne CJ, McCarron A, Wadsworth MEJ, Stephe AM. Dietary fibre and phytate; a
balancing act. Results from 3 time points in a British Birth Cohort Br J Nutr. 2010;
103(2): 274-280.

FAO/WHO. Joint FAO/WHO food standards programme codex committee on
contaminants in foods. Working document for information and use in discussions related
to contaminants and toxins in the Gsctff. Fifth Session. Hague, The Netherlands, 2011,
pp. 90.

Saeed A, Safina N, Sultan MT, Seema M, Muhammad N, Anwaar A. Physico-chemical
attributes and heavy metal content of mangoes (Mangifera indica L.) cultivated in
different regions of Pakistan. Pakistan Journal of Botany. 2010; 42(4):2691-702.



55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Abdelkareem AA, Mahmoud MH, Ali DM, Khalid MA, Alotaibi SH, Elsheikh MA. Essential
and Toxic Heavy Metals Status in Some Fruits from Turaba District (Saudi Arabia),
Health Risk Assessment. Science, Technology & Public Policy. 2018; 2(2):26.

Elbagermi MA, Edwards HG, Alajtal Al. Monitoring of heavy metal content in fruits and
vegetables collected from production and market sites in the Misurata area of Libya.
ISRN Analytical Chemistry. 2012; 8

Kayika P, Siachoono SM, Kalinda C, Kwenye JM. An Investigation of Concentrations of
Copper, Cobalt and Cadmium Minerals in Soils and Mango Fruits Growing on Konkola
Copper Mine Tailings Dam in Chingola, Zambia. Arch Sci. 2017; 1: 103

Mausi G, Simiyu G, Lutta S. Assessment of selected heavy metal concentrations in
selected fresh fruits in Eldoret Town, Kenya. J Environ Earth Sci. 2014; 4(3):1-8.
Krejpcio Z, Sionkowski S, Bartela J. Safety of fresh fruits and juices available on the
Polish market as determined by heavy metal residues. Polish Journal of Environmental
Studies. 2005; 14 (6):877.

Rahimzadeh M, Rastegar S. Heavy Metals Residue in Cultivated Mango Samples from
Iran. Journal of food quality and hazards control. 2017; 4(1):29-31.

Murray RK, Granner DK, Mayes PA, Rodwell VW. Harper’s Biochemistry, 25th Edition,
McGraw-Hill, Health Profession Division, 2000, USA.

Beard JL. Iron biology in immune function, muscle metabolism and neuronal functioning,
J. Nutr. 2001;131: 5685-5695

Szabo G, Chavan S, Mandrekar P, Catalano D. Acute alcoholic consumption attenuates
IL-8 and MCP-1 induction in response to ex vivo stimulation. J. Clin. Immunol. 1999; 19:
67-76

Arinola OG, Olaniyi JA, Akiibinu MO. Evaluation of antioxidant levels and trace element
status in Nigerian sickle cell disease patients with Plasmodium parasitaemia. Pak. J.
Nutr. 2008; 7(6): 766-769

Bwatanglang IB, Alexander P, Timothy NA. Vehicle-Derived Heavy Metals and Human
Health Risk Assessment of Exposure to Communities along Mubi-Yola Highway in
Adamawa State (Nigeria). JSRR. 2019; 23(1): 1-13.

Sun Z, and Chen J. Risk Assessment of Potentially Toxic Elements (PTEs) Pollution at a
Rural Industrial Wasteland in an Abandoned Metallurgy Factory in North China.
International journal of environmental research and public health. 2018; 15(1):85

Xiao R, Wang S, Li R, Wang JJ, Zhang Z. Soil heavy metal contamination and health
risks associated with artisanal gold mining in Tongguan, Shaanxi, China. Ecotoxicol.
Environ. Saf. 2017; 141:17-24.



